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(54) Multiple micro-blade hair removal devices and methods for manufacturing 



(57) Hair removal devices comprising a plurality of 
micro-blades and methods for their fabrication, include, 
for example, microelectronic manufacturing techniques. 
Preferred "blades" have at least one edge with a radius 
of curvature not greater than about 1000 angstroms, 
preferably not greater than about 500 angstroms. Alter- 
native embodiments of the present invention comprise 
a relatively high number of abrasion elements for hair 
removal. In addition to blades and/or abrasion elements, 
shaving devices of this invention can comprise skin flow 
control elements which control the flow of hair across 



the shaving device and thereby control the angle at 
which the blade edges or abrasion elements contact the 
hair. 

Another aspect of the present invention comprises 
blades having cutting depth which are much smaller 
than previously known shaving devices. For example, 
the cutting depth of one or more blades is not greater 
than about 75 microns, or is even less. 

Shaving devices are formed on rigid or flexible sub- 
strates using one or more of the following techniques: 
photolithography, wet chemical etching, dry etching, or 
material deposition techniques. 
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Description 

[0001] The present invention is directed to devices 
used for shaving, and more particularly, to hair removal 
devices comprising a plurality of micro-blades and 
methods of manufacturing such hair removal devices. 

BACKGROUND 

[0002] Complete hair removal with a shaving device 
requires that the blades encounter the hair being re- 
moved. In attempts to increase the probability of such 
an encounter, prior art includes devices that conform to 
body contours and/or have an increased number of cut- 
ting surfaces. 

[0003] For example, US Patent 5,205,040 discloses 
a shaving cloth wherein a cloth-like or flexible material 
is used to secure a plurality of individual cutting heads, 
whereby the cutting heads and their corresponding edg- 
es are randomly oriented. When in use the flexible ma- 
terial securing the individual cutting heads contours the 
body surface. 

[0004] US Patent 5,088,195 discloses a blade mem- 
ber with multiple cutting surfaces. The blade member is 
a metal film deformed in such a way as to form apertures 
extending above the shave plane. These apertures are 
subsequently sharpened forming a metal film with a plu- 
rality of sharpened apertures. When engaged with the 
skin, one or more of these sharpened apertures contact 
one or more hairs and thus cut the hair. 

SUMMARY OF THE INVENTION 

[0005] Various embodiments of the present invention 
comprise hair removal devices comprising a plurality of 
micro-blades and methods for their fabrication, includ- 
ing, for example, microelectronic manufacturing tech- 
niques. Embodiments of the present invention prefera- 
bly have many "blades" capable of removing hair. As 
used herein, the term "blades" is not limited to strips of 
metal such as stainless steel which are ground and 
honed to a sharp edge, but includes metals, non-metals, 
ceramics, semiconductor, and polymeric materials 
which are preformed and subsequently sharpened or 
are initially formed with a thickness suitable for cutting 
hair. The micro-blades can also be formed from multiple 
layers which have a cumulative thickness suitable for 
cutting hair or wherein one or more of the layers are sub- 
sequently removed leaving a rigid or semi-rigid edge 
with a thickness suitable for cutting hair. Preferred 
"blades" of the present invention preferably have at least 
one edge with a radii of curvature not greater than about 
1000 angstroms, preferably not greater than about 500 
angstroms, more preferably not greater than about 250 
angstroms. Alternative embodiments of the present in- 
vention comprise a relatively high number of abrasion 
elements for hair removal. In addition to blades and/or 
abrasion elements, shaving devices of the present in- 
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vention can comprise skin flow control elements which 
are not designed to cut hair but which serve to control 
the flow of hair across the shaving device and thereby 
control the angle at which the blade edges or abrasion 
5 elements contact the hair. 

[0006] Another aspect of the present invention com- 
prises blades having a cutting depth which are much 
smaller than that of previously known shaving devices. 
As used herein, the term "cutting depth" is used to indi- 
10 cate the portion of the blade edge which can travel un- 
obstructed through a hair. Since hair typically comprises 
a diameter of about 75 microns, the cutting depth of pre- 
viously known shaving elements has been substantially 
greater than 75 microns to enable the cutting edge to 
15 cut entirely through the hair in a single stroke. According 
to some embodiments of the present invention, the cut- 
ting depth of one or more blades is not greater than 
about 75 microns, or is even less. 
[0007] According to other aspects of the present in- 
20 vention, shaving devices are formed on rigid or flexible 
substrates using one or more of the following techniques 
which include photolithography, wet chemical etching, 
dry etching such as milling, reactive ion etching, electron 
cyclotron resonance etching, or sputtering, and deposi- 
ts tion techniques such as chemical vapor deposition, 
sputtering, microwave or radio frequency deposition 
techniques, or combinations thereof. These manufac- 
turing techniques are described in further detail below. 
The use of a relatively high number of blades is de- 
30 signed to modify and enhance the efficiency of the shav- 
ing process by cutting more hairs more times with each 
stroke. Instead of a single cut through a hair being 
shaved, the present invention contemplates cutting 
each hair with multiple cuts to leave the top of the hair 
35 which has been cut with a frayed or dull end rather than 
a substantially straight and pointed end. 
[0008] Another aspect of the present invention com- 
prises the use of at least one and preferably a large 
number of abrasion elements either alone or in combi- 
40 nation with micro-blades or skin flow control elements. 
As used herein, the term "abrasion elements" is used to 
indicate a structure which by means of action does not 
cut the hair but uses friction generated by rubbing to 
erode and break the hair fiber. 
45 [0009] Additionally, blades and abrasion elements 
manufactured using microelectronic manufacturing 
techniques can be significantly sharper than blades 
manufactured using standard grinding techniques thus 
minimizing the effort required to cut each hair. Addition- 
50 ally, since the preferred blades of the present invention 
are very small relative to known razors, the disclosed 
devices facilitate shaving in hard to reach places while 
minimizing discomfort. 

[0010] According to various embodiments of the 
55 present invention, blades can be mounted on blade sup- 
ports such that they are spaced from the substrate, and 
can comprise one or more round or straight edges. The 
blade edges can be scalloped or serrated and can be 
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oriented in one direction or in a plurality of different di- 
rections. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Figure 1 is a side view of a blade of one embodiment 
of the present invention. 

Figure 2 is a top view of the blade shown in Figure 1 . 

Figures 3 and 4 are top and side views of a second 
blade of the present invention. 

Figures 5 and 6 are side views and top, perspective 
views, respectively, of a straight blade of the 
present invention. 

Figures 7 and 8 are top and perspective views, re- 
spectively, of an abrasive element of the present in- 
vention. 

Figures 9 and 10 are side and top views, respec- 
tively, of an alternative blade and blade support of 
the present invention. 

Figures 11 and 12 are side and top views, respec- 
tively, of another blade of the present invention. 

Figures 13 and 14 are side and top views, respec- 
tively, of a further embodiment of a blade of the 
present invention. 

Figures 15 and 16 are side and top views, respec- 
tively, of a further embodiment of the present inven- 
tion. 

Figures 17 and 18 are side and top views, respec- 
tively, of a further embodiment of the present inven- 
tion. 

Figures 19 and 20 are side and top views, respec- 
tively, of a further embodiment of the present inven- 
tion. 

Figure 21 is a top view of one embodiment of the 
present invention showing multiple elements like 
the ones shown in Figures 1 and 2 arranged. 

Figure 22 is a side view of the embodiment illustrat- 
ed in Figure 21. 

Figures 23 and 24 are top and side views, respec- 
tively, of an alternative embodiment of the present 
invention. 

Figures 25 and 26 are top and side views, respec- 



tively, of an alternative embodiment of the present 
invention. 

Figures 27 and 28 are side and top views of a ser- 
5 rated blade of one embodiment of the present in- 
vention. 

Figures 29 and 30 are side and top, perspective 
views, respectively, of another embodiment of the 
10 present invention showing an arrangement of mul- 
tiple elements like those shown in figure 28 which 
may or may not have serration. 

Figures 31 and 32 are side and perspective views, 
15 respectively, of another embodiment of the present 
invention. 

Figures 33 and 34 are side and perspective views, 
respectively, of another blade arrangement of the 
20 present invention. 

Figures 35 and 36 are top and side views, respec- 
tively, of a further embodiment of the present inven- 
tion showing one possible arrangement of multiple 
25 elements like those shown in Figures 3 and 4. 

Figures 37 and 38 are top and cross-sectional side 
views, respectively, of a further embodiment of the 
present invention. 

30 

Figures 39 - 42 illustrate different abrasive elements 
of embodiments of the present invention. 

DETAILED DESCRIPTION 

35 

[0012] The various embodiments of the present in- 
vention comprise novel shaving devices and methods 
for forming shaving devices. One aspect of the present 
invention comprises the use of a relatively large number 

40 of micro-blades. As used herein, the term "micro- 
blades" is used to indicate blades comprising at least 
one edge having a radii of curvature not greater than 
about 1000 angstroms, preferably not greater than 
about 500 angstroms, and more preferable not greater 

45 than 250 angstroms, or which comprise a cutting depth 
of not greater than about 1000 microns. As described in 
further detail below, hair removal devices of the present 
invention can comprise hundreds of blades having cut- 
ting edges oriented in one or more directions. 

so [001 3] One aspect of the present invention comprises 
the use of micro-blades, preferably a high number of mi- 
cro-blades, either alone or in combination with other skin 
engaging elements and/or abrasive elements. Figures 
1 and 2 are side and top views, respectively, of one mi- 

55 cro-blade unit 10 which comprises a blade support 12, 
a blade 14 having a cutting edge 15 and a cutting edge 
support 16. The various illustrations shown herein are 
intended to be illustrative of portions of shaving devices 
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and not entire shaving devices of the present invention. 
This illustrated blade 14 and blade edge 15 are extreme- 
ly thin and therefore are capable of cutting hair when 
drawn across a skin surface in any direction. The bottom 
of blade support 12 is preferably formed from a sub- 
strate (shown in phantom) which is most preferably flex- 
ible. The blade support 12 is preferably about 10 to 1000 
microns high in order to elevate blade 14 at least about 
1 0 microns from the substrate. Cutting edge 1 5 of blade 
1 4 has a radius of curvature not greater than about 1 000 
angstroms, preferably not greater than 500 angstroms, 
more preferably not greater than about 250 angstroms, 
still more preferably not greater than about 100 ang- 
stroms. The most preferred embodiments of the present 
invention have cutting edges with radii of curvature not 
greater than about 50 angstroms. The preferred micro- 
blades of the present invention have radii of curvature 
which are significantly sharper than conventional stain- 
less steel blades which are typically honed and sharp- 
ened to a radii of curvature of about 500 angstroms. 
[0014] The micro-blade illustrated in Figures 1 and 2 
also comprises a cutting depth D which can be signifi- 
cantly less than the cutting depths of conventional 
blades. The cutting depths of some micro-blades of the 
present invention are preferably not greater than about 
1000 microns, more preferably, not greater than about 
500 microns, still more preferably, not greater than 
about 250 microns, not greater than about 100 microns, 
not greater than about 75 microns and most preferably 
not greater than about 50 microns. While this and some 
other illustrated embodiments comprise cutting depths 
of less than about 1000 microns, advantages of the 
present invention can be achieved with much greater 
cutting depths. The use of these relatively small cutting 
depths is one aspect of the present invention and is not 
necessary for all embodiments. 

[0015] The shape of the micro-blade shown in Figures 
1 and 2 is round. The micro-blades of the present inven- 
tion are not limited to any specific shape and can have, 
for example, curved or straight surfaces. For example, 
the present invention can also be practiced using micro- 
blades which are hexagonal, triangular, rectangular, or 
any other geometric shape desired. 
[0016] A plurality of structures such as those shown 
in Figures 1 and 2 can be arranged in various patterns, 
such as, but not limited to that shown in Figures 21 and 
22. The micro-blade structures are preferably generated 
simultaneously using standard microelectronic manu- 
facturing techniques. One possible sequence of steps 
to form such structures includes starting with a substrate 
made of polyimide, polyetheretherketone (PEEK), other 
flexible materials alone or in combination, with a thick- 
ness of about 0.05 mm to 2 mm, preferably with a thick- 
ness of about 0. 1 mm to 0.5 mm. A thin film of tungsten, 
tantalum nitride, boron nitride, diamond, or any other de- 
sired blade material is subsequently deposited onto the 
substrate. The desired film thickness is dependent on 
the blade material strength such that the buckling force 



of the blade film exceeds the maximum force required 
to cut a hair. A material whose thickness meets the 
above criteria and is 1 000 angstroms or less is most de- 
sirable. The deposition of blade materials can include 

5 one or more deposition techniques standard in the man- 
ufacturing of microelectronics and integrated circuits in- 
cluding, but not limited to, chemical vapor deposition, 
plasma assisted chemical vapor deposition, electron cy- 
clotron resonance deposition, sputter deposition, and 

10 radio frequency assisted deposition techniques. One or 
more support materials such as chromium, aluminum, 
tungsten, or any other desired support material can also 
be deposited on top of the blade material to enhance 
the structure's stability and durability. To form the struc- 

15 tures, the film stack comprising the substrate and de- 
posited films is patterned using photolithography tech- 
niques and the deposited films as well as the substrate 
are selectively etched with one or more etching tech- 
niques. The etching techniques which are useful with 

20 the present invention include, but are not limited to, sput- 
tering, reactive ion etching, and electron cyclotron res- 
onance etching, and wet chemical etching. 
[0017] Figures 9 and 10 illustrate a micro-blade unit 
of the present invention. This embodiment is similar to 

25 the embodiment illustrated in Figures 1 and 2; however, 
support element 16 shown in Figure 1 has been elimi- 
nated and the blade edge has been formed by etching 
a thick film leaving an angular cutting edge 55. Etching 
of the blade edge can be accomplished using either wet 

30 or dry etching techniques. In this embodiment, the sup- 
port element is not required due to the overall thickness 
of the blade element 54 whose material strength well 
exceeds the force required to cut a hair. 
[0018] Figures 3 and 4 illustrate an alternative micro- 

35 blade unit 20 of the present invention wherein an aper- 
ture is provided internally of the sharpened cutting edge 
25 of blades 24. These micro-blades comprise a base 
22 which is formed on a substrate 21 by film deposition 
techniques. These micro-blade units 20 will only cut hair 

40 which is forced into the aperture defined by circular 
blade edge 25. 

[0019] The shape of the micro structures shown in 
Figures 3 and 4 is round; however, those who are knowl- 
edgeable in the art would realize this is only one of many 

45 shapes one could generate. Micro structure shapes may 
include but are not limited to hexagonal, triangular, rec- 
tangular, or any other geometric shape. 
[0020] A plurality of structures such as those shown 
in Figures 3 and 4 and arranged in a pattern such as, 

50 but not limited to, that shown in Figures 35 and 36 are 
generated simultaneously using standard microelec- 
tronic manufacturing techniques. One possible se- 
quence of steps to form such structures include starting 
with a substrate made of polyimide, polyetheretherke- 

55 tone (PEEK), other flexible material or combinations 
thereof with a thickness ranging of about 0.05 mm to 2 
mm, preferably with a thickness range of about 0.1 mm 
to 0.5 mm. Substrates are subsequently patterned with 



7 

photoresist resulting in structures of a desirable shape, 
for example hollow cylindrical blade support structures, 
arranged on the substrate in the desired pattern. The 
height of the cylindrical blade support structures is pref- 
erably about 1 0 to 1 000 microns, preferably greater than 5 
100 microns. One or more films are deposited onto the 
substrate and cover the photoresist structures. The de- 
posited films can consist of tungsten, tantalum nitride, 
boron nitride, diamond, or any other desired blade ma- 
terial. The desired film thickness range is about 1 micron 
to 5 microns, preferably with a thickness range of about 
2 microns to 4 microns. Photolithography techniques 
are implemented again to form the blade edge 25 by 
exposing the metal film in the center of each cylindrical 
structure. The blade is formed by either dry etch or wet 
etch techniques. Once blade edge 25 is formed, the 
photoresist which makes up the cylinder structure is re- 
moved using appropriate dry etch or wet etch tech- 
niques leaving the blade structure as illustrated in Fig- 
ures 3 and 4. 

[0021] Figures 5 and 6 illustrate a substantially linear 
micro-blade of another embodiment of the present in- 
vention. Figure 5 is a side view illustrating blade 30 hav- 
ing a cutting edge 35 extending from a substrate (shown 
in phantom) at an angle. Figure 6 illustrates the cutting 
edge 35 of this linear blade. The blades in this embod- 
iment of the present invention can be oriented in the 
same or different directions as they extend upwardly at 
some angle relative to the substrate. 
[0022] A plurality of structures such as those shown 
in Figures 5 and 6 and arranged in a pattern such as, 
but not limited to, that shown in Figures 29 and 30 are 
generated simultaneously using standard microelec- 
tronic manufacturing techniques. One possible se- 
quence of steps to form such structures includes starting 
with a substrate made of polyimide, polyetheretherke- 
tone (PEEK), or other flexible material with a thickness 
ranging from 0.05 mm to 2 mm, preferably with a thick- 
ness range of 0.1 mm to 0.5 mm. One or more films are 
deposited onto the substrate. The deposited films can 
consist of tungsten, tantalum nitride, boron nitride, dia- 
mond, or any other desired blade material. The desired 
film thickness is about 10 microns to 1000 microns, pref- 
erably with a thickness range of about 100 microns to 
300 microns. To form the structures, the film stack con- 
sisting of the substrate and deposited films is patterned 
using photolithography techniques. The deposited films 
as well as the substrate are subsequently selectively 
etched, preferably with the substrate angled with re- 
spect to the etch source, with techniques that include 
but are not limited to ion milling, sputtering, reactive ion 
etching, and electron cyclotron resonance etching. 
[0023] Figures 7 and 8 illustrate an abrasive element 
of one embodiment of the present invention having a 
generally pyramidal shape. Figure 7 is a top view show- 
ing four generally triangular sides 41-44. Figure 8 is a 
perspective view. This illustrated abrasive element and 
other abrasive elements of the present invention are 



8 

preferably formed of hard materials, such as those de- 
scribed above for forming blades and function like sand- 
paper to abrade the hair away leaving the edges of hair 
frayed and resulting in a smooth feel. The abrasive ele- 
ments of the present invention can take different forms 
such as those shown in Figures 39 through 42. 
[0024] A plurality of structures such as those shown 
in Figures 7, 8, and 39 through 42 can be arranged in a 
pattern and generated simultaneously using standard 
microelectronic manufacturing techniques. One possi- 
ble sequence of steps to form such structures includes 
starting with a substrate made of polyimide, poly- 
etheretherketone (PEEK), or other flexible material with 
a thickness ranging from 0.05 mm to 2 mm, preferably 
with a thickness range of 0.1 mm to 0.5 mm. One or 
more films are deposited onto the substrate. The depos- 
ited films can consist of tungsten, tantalum nitride, boron 
nitride, diamond, or any other desired abrasive material. 
The desired film thickness is about 2 microns to 55 mi- 
crons, preferably with a thickness of about 20 microns 
to 30 microns. To form the structures, the film stack con- 
sisting of the substrate and deposited films is patterned 
using photolithography techniques and the deposited 
films are selectively etched with techniques that include 
but are not limited to ion milling, sputtering, reactive ion 
etching, and electron cyclotron resonance etching. Al- 
though it may be preferred for the abrasive elements to 
exhibit a sharper peak at the top of the structure, current 
microelectronic manufacturing techniques known to the 
present inventors do not make the formation of such a 
structure possible. Advantages are also gained by not 
having a sharp peak on top of the abrasive structures 
by limiting the incidence of skin abrasion. 
[0025] Figures 11 and 12 illustrate a further embodi- 
ment of the present invention wherein the blade edge of 
a micro-blade unit similar to those shown in Figures 1, 
2, 9 and 10 comprises a plurality of segments. Although 
Figures 11 and 12 show an eight-pointed star-shaped 
blade when viewed from above, there can be any 
number of segments by a blade structure without de- 
parting from the scope of the present invention. While 
this illustrated embodiment shows substantially linear 
sharpened edges, the edges can also be curved, scal- 
loped or serrated having a plurality of curved, cutting 
edges. 

[0026] Figures 13 through 16 illustrate two additional 
embodiments of the present invention wherein generally 
circular micro-blades have two circular cutting edges, a 
first formed internally and a second formed externally. 
The embodiments shown in Figures 13 and 14 comprise 
thin film edges 75 and 76 supported by a donut shaped 
blade support 72. An upper blade support 77 helps to 
maintain the blade on blade support 72. The embodi- 
ment illustrated in Figures 15 and 16 comprises etched 
external edges 85 and internal edges 86 mounted on a 
blade support 82. These double edged micro-blade 
units advantageously provide cutting action when drawn 
in any direction across a skin surface being shaved. Al- 
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though not shown, these edges can be serrated, scal- 
loped or shaped. 

[0027] Two additional embodiments of the present in- 
vention are shown in Figures 17 through 20. These em- 
bodiments comprise only internal cutting edges. The 
embodiments shown in Figures 17 and 18 comprise a 
single thin film edge 96 located interiorly of the blade 
and the embodiment illustrated in Figures 19 and 20 
comprises an etched interior edge 106. Although not 
shown, these edges can also be serrated, scalloped or 
shaped. 

[0028] The micro-blades, abrasive elements, and/or 
non-cutting, non-abrasive skin engaging elements of 
the present invention can be positioned in any manner 
desired on a substrate. Figures 21 and 22 illustrate mi- 
cro-blades of the type illustrated in Figures 1 and 2 po- 
sitioned in slightly offset rows on a flexible substrate 110. 
These blade units are positioned in spaced arrange- 
ment. Blade unit spacing is preferably about 75 microns 
to 1500 microns with a more preferred range of about 
200 microns to 800 microns. Figures 23 and 24 are top 
and side views of an alternative embodiment of the 
present invention wherein blade units are surrounded 
by a non-cutting structure 18 in order to direct and en- 
hance skin flow during hair removal. 
[0029] As stated above, one or more skin engaging 
elements which are not designed to abrade or cut hair 
can also be positioned around, between, or amongst mi- 
cro-blades or abrasive elements of the present inven- 
tion. These skin engaging elements provide a function 
similar to a conventional guard bar in that they are de- 
signed to stretch the skin and/or optimize the flow of skin 
and hair toward one or more cutting edges. Additionally, 
they can provide support by restricting a flexible blade 
from collapsing into another skin engaging element, by 
improving the hair capturing capability of the sharpened 
blade edge and/or by providing desirable tactile sensa- 
tions during hair removal. 

[0030] Figures 25 and 26 are top and side views, re- 
spectively, of an embodiment of the present invention 
comprising truncated skin engaging elements 135 
which are positioned in rows between micro-blade units 
10. The skin engaging elements of the present invention 
are preferably formed of a resilient material, such as 
those materials described above which can be used to 
form a flexible substrate. The skin engaging elements 
can be used with micro-blades, with abrasion element 
such as those shown in Figures 7 and 39 to 42, or with 
both micro-blades and abrasive elements. In order to 
facilitate manufacture, the skin engaging elements 135 
can be identical to the blade supports 12 but are not 
provided with an actual blade. While this illustrated em- 
bodiment shows offset rows of micro-blade units 10 and 
skin engaging elements 135, the arrangement of the 
blades and skin engaging elements can be staggered 
and need not form rows. 

[0031] Figures 27 and 28 show an embodiment of the 
present invention similar to that shown in Figures 5 and 



6, however, the cutting edge 145 of each blade is ser- 
rated, instead of linear. 

[0032] Figures 29 and 30 show one method of arrang- 
ing a plurality of linear micro-blades 30 having cutting 

5 edges 35 of one embodiment of the present invention 
on a substrate 150. In this embodiment, the blade edge 
directions are aligned and faced in a single direction. In 
the embodiment shown in Figures 31 and 32, the blade 
edges are crossed having one set of blades facing one 

10 direction and another set of blades facing another. 
[0033] The embodiment shown in Figures 33 and 34 
shows alternating blade edges facing into different di- 
rections. From the present description it will also be ap- 
preciated by those skilled in the art that these or other 

f5 micro-blades can be angled in one, two or even more 
directions to provide multi-directional shaving action. 
[0034] Figures 37 and 38 are top and cross-sectional 
side views, respectively, of another embodiment of mi- 
cro-blades of the present invention. These illustrated mi- 

20 cro-blades are mounted on a substrate 180 and com- 
prise micro-blade supports 185 upon which are depos- 
ited micro-blade edges 186 and upper blade supports 
188. The upper blade supports 188 are designed to pro- 
vide greater support to the micro-blade edges 1 86. Dur- 

25 jng the deposition of upper blade supports 1 88, some of 
the upper blade support material 189 may enter the in- 
terior portion of blade support 185 if that region is not 
covered during the deposition of this upper blade sup- 
port material. In accordance with this and other embod- 

30 iments of the present invention, upper blade support 
material 188 can also be used to provide a degree of 
skin flow control if desired. 

[0035] The various embodiments of the present in- 
vention are preferably formed by manufacturing tech- 

35 niques which have been previously known in the area 
of microelectronics such as integrated circuits and print- 
ed circuit boards. These manufacturing techniques are 
capable of providing significantly sharper cutting edges 
than the blades manufactured using standard grinding 

40 and honing techniques. It is believed that these blades 
will minimize the effort required to cut each hair. 
[0036] Such techniques can include photolithography 
for patterning, dry plasma and wet chemical etches for 
material removal and plasma depositions for material 

45 application. 

[0037] The substrates of the present invention can 
generally be in the form of a towelette or can be formed 
as a razor head on a permanent handle or on a dispos- 
able handle. As used herein, the term "razor head" is 

50 meant to include cartridges adapted to be connected to 
a separate razor as well as the operative cutting portion 
of a disposable razor wherein the handle and cutting 
portion are formed as a single unit. The substrates of 
the present invention can be flexible or rigid. The tech- 

55 niques of the present invention can be utilized to provide 
many blades, abrasive elements and skin engaging el- 
ements. For example, according to the present inven- 
tion, hair removal device can comprise at least ten, fifty, 
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one hundred, two hundred, five hundred or even at least 
about one thousand micro-blades. 
[0038] One particular type of substrate may comprise 
a polyimide. The blades can be arranged on the sub- 
strate, randomly, in staggered rows, in ordered rows and 
columns or in any other desired arrangement. 



Claims 

1. A personal hair removal device comprising: 
a substrate; 

a plurality of blades connected to said sub- 
strate, each of said blades comprising at least 
one cutting edge with a radius of curvature not 
greater than about 1000 angstroms. 



ing at least about 1000 blades. 

14. A hair removal device according to claim 1 wherein 
said blades comprise a cutting depth of not greater 

5 than about 1000 microns. 

15. A hair removal device according to claim 1 wherein 
said blades comprise a cutting depth of not greater 
than about 500 microns. 

10 

16. A hair removal device according to claim 1 wherein 
said blades comprise a cutting depth of not greater 
than about 250 microns. 

15 17. A hair removal device according to claim 1 wherein 
said blades comprise a cutting depth of not greater 
than about 100 microns. 



2. A hair removal device according to claim 1 wherein 
said radius of curvature is not greater than about 
500 angstroms. 

3. A hair removal device according to claim 1 wherein 
said radius of curvature is not greater than about 
250 angstroms. 

4. A hair removal device according to claim 1 wherein 
said radius of curvature is not greater than about 75 
angstroms. 

5. A hair removal device according to claim 1 wherein 
said radius of curvature is not greater than about 50 
angstroms. 

6. A hair removal device according to claim 1 wherein 
said radius of curvature is not greater than about 30 
angstroms. 

7. A hair removal device according to claim 1 wherein 
said radius of curvature is not greater than about 10 
angstroms. 

8. A hair removal device according to claim 1 compris- 
ing at least about 10 blades. 

9. A hair removal device according to claim 1 compris- 
ing at least about 50 blades. 

10. A hair removal device according to claim 1 compris- 
ing at least about 100 blades. 



18. A hair removal device according to claim 1 wherein 
20 said blades comprise a cutting depth of not greater 

than about 75 microns. 

19. A hair removal device according to claim 1 wherein 
said blades comprise a cutting depth of not greater 

25 than about 50 microns. 

20. A hair removal device according to claim 1 wherein 
said cutting edges are straight. 

30 21. A hair removal device according to claim 1 wherein 
said cutting edges are serrated. 

22. A hair removal device according to claim 1 wherein 
said cutting edges are curved. 

35 

23. A hair removal device according to claim 1 wherein 
a plurality of said blades are mounted on separate 
blade supports. 

40 24. A hair removal device according to claim 1 wherein 
said blades are arranged in ordered columns and 
rows on said substrate. 

25. A hair removal device according to claim 1 wherein 
45 said blades are arranged in staggered columns and 

rows on said substrate. 

26. A hair removal device according to claim 1 further 
comprising at least one guard element comprising 

50 a skin engaging surface. 



11. A hair removal device according to claim 1 compris- 
ing at least about 200 blades. 

12. A hair removal device according to claim 1 compris- 55 
ing at least about 500 blades. 

13. A hair removal device according to claim 1 compris- 



27. A hair removal device according to claim 1 further 
comprising a plurality of guard elements each com- 
prising at least one skin engaging surface. 

28. A hair removal device according to claim 26 wherein 
said guard element is formed of a resilient material. 
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29. A hair removal device according to claim 27 wherein 
at least some of said guard elements are disposed 
between some of said blades. 

30. A hair removal device according to claim 1 wherein 5 
at least some of said cutting edges are oriented in 
different directions. 

31. A hair removal device according to claim 1 wherein 

at least some of said cutting edges are oriented in 10 
at least two different directions which are angled at 
least about 90° to each other. 

32. A hair removal device according to claim 1 wherein 
said substrate is flexible. * 5 



44. A hair removal device according to claim 33 com- 
prising at least about 1000 blades. 

45. A hair removal device according to claim 33 wherein 
said blades comprise a radii of curvature not greater 
than about 1000 angstroms. 

46. A hair removal device according to claim 33 wherein 
said radii of curvature is not greater than about 500 
angstroms. 

47. A hair removal device according to claim 33 wherein 
said radii of curvature is not greater than about 250 
angstroms. 



33. A hair removal device comprising: 



48. A hair removal device according to claim 33 wherein 
said radii of curvature is not greater than about 100 
angstroms. 

a substrate; 

a plurality of blades connected to said sub- 20 49. A hair removal device according to claim 33 wherein 



strate, wherein said blades comprise a cutting 
depth of not greater than about 1000 microns. 

34. A hair removal device according to claim 33 wherein 
said cutting depth is not greater than about 500 mi- 
crons. 

35. A hair removal device according to claim 33 wherein 
said cutting depth is not greater than about 250 mi- 
crons. 

36. A hair removal device according to claim 33 wherein 
said cutting depth is not greater than about 100 mi- 
crons. 

37. A hair removal device according to claim 33 wherein 
said cutting depth is not greater than about 75 mi- 
crons. 



said radii of curvature is not greater than about 50 
angstroms. 

50. A hair removal device according to claim 33 wherein 
25 said radii of curvature is not greater than about 30 

angstroms. 

51 . A hair removal device according to claim 33 wherein 
said radii of curvature is not greater than about 10 

30 angstroms. 

52. A hair removal device according to claim 33 wherein 
said cutting edges are straight. 

35 53. A hair removal device according to claim 33 wherein 
said cutting edges are serrated. 

54. A hair removal device according to claim 33 wherein 
said cutting edges are curved. 



38. A hair removal device according to claim 33 wherein *o 
said cutting depth is not greater than about 50 mi- 
crons. 



55. A hair removal device according to claim 33 wherein 
said blades are mounted on separate blade sup- 
ports. 



39. A hair removal device according to claim 33 com- 
prising at least 10 blades. 

40. A hair removal device according to claim 33 com- 
prising at least about 50 blades. 

41 . A hair removal device according to claim 33 com- 
prising at least about 100 blades. 

42. A hair removal device according to claim 33 com- 
prising at least about 200 blades. 

43. A hair removal device according to claim 33 com- 
prising at least about 500 blades. 



45 56. A hair removal device according to claim 33 wherein 
said blades are arranged in ordered columns and 
rows on said substrate. 



50 



55 



57. A hair removal device according to claim 33 wherein 
said blades are arranged in staggered columns and 
rows on said substrate. 

58. A hair removal device according to claim 33 further 
comprising at least one guard element comprising 
a skin engaging surface. 

59. A hair removal device according to claim 33 further 
comprising a plurality of guard elements each com- 
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prising at feast one skin engaging surface. 

60. A hair removal device according to claim 33 wherein 
at least some of said guard elements are disposed 
between some of said blades. 

61 . A hair removal device according to claim 33 wherein 
at least some of said cutting edges are oriented in 
different directions. 

62. A hair removal device according to claim 33 wherein 
said substrate is flexible. 

63. A hair removal device according to claim 33 wherein 
at least some of said cutting edges are oriented in 
at least two different directions which are angled at 
least about 90°. 

64. A hair removal device comprising: 

a substrate; 

at least 10 micro-blades connected to said sub- 
strate. 

65. A hair removal device according to claim 64 com- 
prising at least about 50 of said micro-blades. 

66. A hair removal device according to claim 64 com- 
prising at least about 100 of said micro-blades. 

67. A hair removal device according to claim 64 com- 
prising at least about 200 of said micro-blades. 

68. A hair removal device according to claim 64 com- 
prising at least about 500 of said micro-blades. 

69. A hair removal device according to claim 64 com- 
prising at least about 1000 of said micro-blades. 

70. A hair removal device according to claim 64 wherein 
said blades comprise a radii of curvature not greater 
than about 1000 angstroms. 

71 . A hair removal device according to claim 64 wherein 
said radii of curvature is not greater than about 500 
angstroms. 

72. A hair removal device according to claim 64 wherein 
said radii of curvature is not greater than about 250 
angstroms. 

73. A hair removal device according to claim 64 wherein 
said radii of curvature is not greater than about 100 
angstroms. 

74. A hair removal device according to claim 64 wherein 
said radii of curvature is not greater than about 50 
angstroms. 



75. A hair removal device according to claim 64 wherein 
said radii of curvature is not greater than about 10 
angstroms. 

5 76. A hair removal device according to claim 64 wherein 
said blades comprise a cutting depth of not greater 
than about 1000 microns. 

77. A hair removal device according to claim 64 wherein 
10 said blades comprise a cutting depth of not greater 

than about 500 microns. 

78. A hair removal device according to claim 64 wherein 
said blades comprise a cutting depth of not greater 

is than about 250 microns. 

79. A hair removal device according to claim 64 wherein 
said blades comprise a cutting depth of not greater 
than about 100 microns. 

20 

80. A hair removal device according to claim 64 wherein 
said blades comprise a cutting depth of not greater 
than about 75 microns. 

25 81. A hair removal device according to claim 64 wherein 
said blades comprise a cutting depth of not greater 
than about 50 microns. 

82. A hair removal device according to claim 64 wherein 
30 said cutting edges are straight. 

83. A hair removal device according to claim 64 wherein 
said cutting edges are serrated. 

35 84. A hair removal device according to claim 64 wherein 
said cutting edges are curved. 

85. A hair removal device according to claim 64 wherein 
said blades are each mounted on separate blade 
supports. 

86. A hair removal device according to claim 64 wherein 
said blades are arranged in ordered columns and 
rows on said substrate. 

45 

87. A hair removal device according to claim 64 wherein 
said blades are arranged in staggered columns and 
rows on said substrate. 

50 88. A hair removal device according to daim 64 further 
comprising at least one guard element comprising 
a skin engaging surface. 

89. A hair removal device according to claim 64 further 
55 comprising a plurality of guard elements each com- 
prising at least one skin engaging surface. 

90. A hair removal device according to claim 64 wherein 
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91 



at least some of said guard elements are disposed 
between some of said blades. 

A hair removal device according to claim 64 wherein 
at least some of said cutting edges are oriented in 
different directions. 



92. A hair removal device according to claim 64 wherein 
at least some of said cutting edges are oriented in 
at least two different directions which are angled at 
least about 90°. 



a substrate comprises polyimide. 

103. A method of making a personal hair removal device 
according to claim 96 wherein said step of providing 
a substrate comprises polyetheretherketone 
(PEEK) . 

104. A method of making a personal hair removal device 
according to claim 96 wherein said step of providing 
a substrate comprises providing a flexible substrate 
having a thickness of about 0.05 mm to about 2 mm. 



93. A hair removal device according to claim 64 wherein 
said substrate is flexible. 

94. A hair removal device comprising: 

a substrate; 

at least about 100 micro abrasive elements 
connected to said substrate. 

95. A hair removal device according to claim 94 wherein 
said substrate is flexible. 

96. A method of making a personal hair removal device 
comprising the steps of: 

providing a substrate; 

depositing a thin film of at least one etchable 
material on said subsrate; and 
etching a plurality of cutting edges in said de- 
posited film. 

97. A method of making a personal hair removal device 
according to claim 96 wherein said etching step also 
comprises etching blade supports. 



98. A method of making a personal hair removal device 
according to claim 96 wherein said etching steps 
also comprises etching skin engaging elements 
which do not have sharp edges. 

99. A method of making a personal hair removal device 
according to claim 96 further comprising the step of 
creating a pattern on said deposited film prior to said 
etching step. 

1 00. A method of making a personal hair removal device 
according to claim 99 wherein said pattern is creat- 
ed by photolithography. 

101 .A method of making a personal hair removal device 
according to claim 96 wherein said step of providing 
a substrate comprises providing a flexible sub- 
strate. 

102.A method of making a personal hair removal device 
according to claim 96 wherein said step of providing 



105. A method of making a personal hair removal device 
according to claim 96 wherein said step of providing 

15 a substrate comprises providing a flexible substrate 
having a thickness of about 0.1 mm to about 0.5 
mm. 

106. A method of making a personal hair removal device 
20 according to claim 96 wherein said step of deposit- 
ing a thin film of etchable material comprises depos- 
iting a material selected from the group consisting 
of tungsten, tantalum nitride, boron nitride, dia- 
mond, and combinations thereof. 

25 

107 . A method of making a personal hair removal device 
according to claim 96 wherein said depositing step 
is performed utilizing chemical vapor deposition. 

30 1 08.A method of making a personal hair removal device 
according to claim 96 wherein said depositing step 
is performed utilizing plasma assisted chemical va- 
por deposition. 

35 1 09.A method of making a personal hair removal device 
according to claim 96 wherein said depositing step 
is performed utilizing electron cycltron resonance 
deposition. 

40 11 0.A method of making a personal hair removal device 
according to claim 96 wherein said depositing step 
is performed utilizing sputter deposition. 

1 1 1 .A method of making a personal hair removal device 
45 according to claim 96 wherein said depositing step 
is performed utilizing radio frequency assisted dep- 
osition. 

112. A method of making a personal hair removal device 
50 according to claim 96 wherein said etching step 

comprises sputtering. 

1 1 3. A method of making a personal hair removal device 
according to claim 96 wherein said etching step 

55 comprises reactive ion etching. 

114. A method of making a personal hair removal device 
according to claim 96 wherein said etching step 
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115.A method of making a personal hair removal device 
according to claim 96 wherein said etching step 
comprises wet chemical etching 5 
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A hair removal device comprising a substrate and a plurality 
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elements (see claim 94)... 



1.1. Claims: 1-7, 45-51, 70-75 

the blades having a defined radius of curvature. 



1.2. Claims: 8-13,39-44,65-69 

the number of blades being between 10 and at 
least about 1000. 



1.3. Claims: 14-19, 34-38, 76-81 

the cutting depth of the blades being in the 
range of not greater than about 1000 microns to not 
hgreater than about 50 microns. 



1.4. Claims: 20-22,52-54,82-84 

the cutting edges being of a defined shape, such 
as straight, serrated, or curved. 



1.5. Claims: 23, 55, 85 

the blades being mounted on separate blade 
supports. 



1.6. Claims: 24-25, 56-57, 86-87 

the blades being arranged 1n columns and rows. 



1.7. Claims: 26-29, 58-60, 88-90, 

comprising at least one guard element. 



1.8. Claims: 30-31, 61-62, 91-92 

the cutting edges being oriented in different 
directions. 



1.9. Claims: 32, 63, 93, 95 

the substrate being flexible. 
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of at least one etchable material on said substrate, and 
etching a plurality of cutting edges in said deposited film. 
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